All-Solid-State CW Laser and Raman Fiber Laser by 陈昭炫
 
 
学校编码：10384         分类号  密级   
学号：200224025            UDC   
 
 
厦  门  大  学 




All-Solid-State CW Laser and Raman Fiber Laser 
 
陈 昭 炫 
 
指导教师姓名：蔡志平 教授 
专 业  名 称：光       学 
论文提交日期：2005 年 6 月 
论文答辩时间：2005 年 6 月 
学位授予日期：2005 年 7 月 
 
答辩委员会主席：             




























All-Solid-State CW Laser and Raman Fiber 
Laser 
 





Supervisor: Professor Cai Zhiping 
 
Submitted to 
the Graduate School of Xiamen University 
for the Degree of 
 
MASTER OF SCIENCE 
 
Department of Physics, Xiamen University, 

































































目  录 
摘  要 ............................................... i 
Abstract ............................................ ii 
第一章  绪  论 ...................................... 1 
1.1   LD 泵浦固体激光器(DPSSL)的发展 ............... 1 
1.1.1  DPSSL 的研究进展 ....................... 1 
1.1.2  DPSSL 的特点及应用 ..................... 5 
1.2   喇曼光纤激光器(RFL)的发展 .................... 5 
1.2.1  RFL 的研究进展和方向 ................... 5 
1.2.2  RFL 的特点及应用 ....................... 7 
1.3   课题简介 ..................................... 8 
1.3.1  课题的研究背景和意义................... 8 
1.3.2  本论文主要工作......................... 9 
第二章  固体激光器理论研究 ....................... 10 
2.1   激光器运转模型 .............................. 10 
2.1.1  速率方程.............................. 10 
2.1.2  输入输出特性.......................... 11 
2.1.3  腔体模式匹配.......................... 14 
2.2   泵浦传输耦合方式 ............................ 14 
2.2.1  DPSSL 的泵浦方式 ...................... 14 
2.2.2  DPSSL 的耦合方式 ...................... 16 
2.3   Nd:YAG 激光晶体特性 ......................... 17 
2.3.1  Nd:YAG 的材料特性 ..................... 18 
2.3.2  Nd:YAG 的激光特性 ..................... 20 
2.4   光泵浦热效应 ................................ 21 
2.4.1  热透镜效应............................ 22 
2.4.2  热焦距的测量方法...................... 24 
2.5   激光谐振腔体分析............................ 25 
2.5.1  谐振腔解析解.......................... 26 















第三章  固体激光器实验研究 ....................... 33 
3.1   激光器结构 .................................. 33 
3.1.1  泵浦源及光学耦合系统.................. 33 
3.1.2  晶体制冷散热装置...................... 35 
3.2   LD 泵浦 Nd:YAG 激光器实验 .................... 37 
3.2.1  激光输出特性测量...................... 37 
3.2.2  激光光谱特性测量...................... 47 
3.2.3  激光光束参量测量...................... 50 
3.2.4  激光模式测量.......................... 52 
3.2.5  热焦距的测量.......................... 54 
3.3   实验小结 .................................... 55 
第四章  喇曼光纤激光器............................ 57 
4.1   喇曼光纤激光器理论研究 ...................... 57 
4.1.1  受激喇曼散射基本理论.................. 57 
4.1.2  光纤中的受激喇曼散射.................. 59 
4.2   喇曼光纤激光器实验研究 ...................... 62 
4.2.1  喇曼光纤与光纤光栅.................... 62 
4.2.2  泵浦光的入纤耦合...................... 64 
4.2.3  实验结果分析.......................... 65 
第五章  总结与展望 ................................ 70 
参考文献 ............................................ 72 
硕士期间完成论文 ................................... 76 

















Abstract ............................................ ii 
Chapter 1. General Review ......................... 1 
1.1   Development of DPSSL ......................... 1 
1.1.1  Research Progress of DPSSL............. 1 
1.1.2  Characteristics & Applications of DPSSL 5 
1.2   Development of RFL ........................... 5 
1.2.1  Research Progress of RFL............... 5 
1.2.2  Characteristics & Applications of RFL.. 7 
1.3   Introduction to the Project.................. 8 
1.3.1  Background of the Project.............. 8 
1.3.2  Work of the Thesis..................... 9 
Chapter 2. Theory of DPSSL ....................... 10 
2.1   Laser Operation Modeling.................... 10 
2.1.1  Rate Equation......................... 10 
2.1.2  Performance of the Laser.............. 11 
2.1.3  Matching of Modes..................... 14 
2.2   Pumping and Coupling of DPSSL............... 14 
2.2.1  Pumping of DPSSL...................... 14 
2.2.2  Coupling of DPSSL..................... 16 
2.3   Property of Nd:YAG Crystal.................. 17 
2.3.1  Material Characteristics of Nd:YAG.... 18 
2.3.2  Laser Characteristics of Nd:YAG....... 20 
2.4   Thermal Effects of Pumping.................. 21 
2.4.1  Thermo-lens Effect.................... 22 
2.4.2  Measurement Method of Thermal Focus... 24 
2.5   Analysis of Laser Resonator................. 25 
2.5.1  Analytical Solution................... 26 
2.5.2  An Example............................ 29 















3.1   Laser Configuration ......................... 33 
3.1.1  Pump Source & Coupling System......... 33 
3.1.2  Refrigeration & Cooling Equipment..... 35 
3.2   Experiment of LD-pumped Nd:YAG Laser........ 37 
3.2.1  Measurement of Ouput Laser............ 37 
3.2.2  Measurement of Laser Spectrum......... 47 
3.2.3  Measurement of Laser Beam............. 50 
3.2.4  Measurement of Laser Mode............. 52 
3.2.5  Measurement of Thermal Focus.......... 54 
3.3   Brief Summary on Experiment................. 55 
Chapter 4. Raman Fiber Laser..................... 57 
4.1   Theory of RFL ............................... 57 
4.1.1  SRS Theory............................ 57 
4.1.2  SRS in Optical Fiber.................. 59 
4.2   Experiment of RFL ........................... 62 
4.2.1  Raman Fiber & FBG..................... 62 
4.2.2  Coupling System....................... 64 
4.2.3  Analysis of Experimental Results...... 65 
Chapter 5. Summary and Expectation.............. 70 
References.......................................... 72 

















摘  要 





































In this thesis, the reseach of LD-pumped CW 1064nm Nd:YAG laser 
and Ramam fiber laser (RFL) is reported. A novel cascaded RFL pumped 
by a solid-state laser is presented. As pump source of 1484nm RFL, 
LD-pumped 1064nm Nd:YAG laser will reduce the thermal effects of 
pumping with the advantage of low cost.  
The thesis mainly consists of the solid-state laser and  Raman 
fiber laser research. The development and progress of the solid-state 
laser and RFL are reviewed. Background and significance of the project 
related to the thesis are also introduced. 
On solid-state laser theory, analysis and optimization of a laser 
resonator are dealed with based on transmission matrix theory when 
considering the thermo-lens effect of laser crystal. The experimental 
study on solid-state laser includes the influence of resonator 
parameters to laser perfomance, the observation and analysis of laser 
modes and spectrum, and the measurement of laser beam and thermal 
focus. In the end, a LD-pumped CW 1064nm Nd:YAG laser with 10 watts 
output power is successfully realized. 
Employing the realized Nd:YAG laser as pump source of RFL, 1484nm 
second Stokes laser is obtained. The experimental results and Raman 
spectrum are analyzed and discussed in detail. 
At the last, a brief summary and expectation are offered. 
Furthermore, The future work plans are also proposed. 
 















第一章  绪  论 









1.1  LD 泵浦固体激光器(DPSSL)的发展 
1.1.1  DPSSL 的研究进展 


























808nm的 GaAs二极管泵浦 Nd:CaWO4产生 1.06µm的受激荧光输









浦 Nd:YAG 激光器。1968 年，美国麦道航空公司的 Ross[6]实现了
第一台 LD 泵浦 Nd:YAG 激光器。1972 年，Danielmeyer[7]等人完
成了室温下用二极管激光泵浦Nd:YAG的实验。同年，Rosenkrantz[8]
首次报道了 LD 端面泵浦脉冲激光器件。Conant[9]和 Jackson[10]等
小组都开始进行 LD作为泵浦源的研究。Barnes[11]第一个尝试建立






















事于 1985年用 LD泵浦 Nd:YAG整体腔，得到了稳定度比闪光灯
泵浦高一个量级的激光束。同一年，Kuboder 和 Noda[15]首次用量




频，得到了蓝光。1987 年，Kane[19]等人用 LD 阵列泵浦整体腔
Nd:YAG 实现了非平面环形光路激光器，Rice 和 Krebs[20]用板条
Nd:YAG在 LD泵浦下得到长脉冲输出，Hanson[21]用长脉冲的 LD
横向泵浦 Nd:YAG得到 21W的峰值输出。1988年，Reed[22]等人用









(National Ignition Facility，简写为 NIF)计划，并在劳仑兹—利弗莫
尔国家实验室建成的单束元装置上全面考核了 NIF 将使用的关键
技术和元器件性能。 

































光激光器获得了 25.3W的 532nm绿光输出，为 LD端泵准连续绿
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